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(57) ABSTRACT

The present invention 1s a fluorine-containing acrylate or
alpha-substituted, fluorine-containing acrylate, represented
by the following formula (1):

wherein a 1s an integer of from 1 to 4 and b 15 an integer of
from 1 to 4, provided that a total of a and b 1s 3, 4, or 3;
R' is a group represented by the following formula (2):

—(C4Hg0)AC3He0) (CoH,0)ACH,0) — (2)

wherein d, e, 1, and g are, independently of each other, an
integer of from O to 4, provided that a molecular weight
of R' is in a range of 30 to 300, and these repeating units
may be sequenced at random;

R® is an acryl group- or alpha-substituted acryl group-
containing group having 4 to 20 carbon atoms and rep-
resented by the following formula (3):

(3)
R3

ﬁ C=—CH,

O

N
\ H

wherein R” is, independently of each other, a hydrogen
atom, a fluorine atom, a methyl group, or a trifluorom-
cthyl group,

R* is a divalent or trivalent linking moiety having 1 to 18
carbon atoms, optionally having an ether bond and/or an
ester bond, and

nis 1 or2;

Ri 1s a perfluoropolyether residue represented by the fol-

lowing formula (4):

—(‘EF O—CFz—(‘jF O—CFZ—CFZ—CFZL{
X CF; /

J
—(o—CFz—CFzﬁo—CFz)m—F

(4)

wherein 1, k, 1, and m are, independently of each other, an
integer of from O to 30, provided that a molecular weight
of R1 1s 1n a range of 200 to 6000,

X 1s a fluorine atom or a trifluoromethyl group, and

these repeating units may be sequenced at random:;

Z. 1s a divalent organic group; and

cisOorl.

7 Claims, No Drawings
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1
FLUORINE-CONTAINING ACRYLATE

CROSS REFERENCES

This application claims the benefits of Japanese Patent
Application No. 2008-316050 filed on Dec. 11, 2008, the
contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present 1invention relates to a photo-curable fluorine-
contaiming acrylate, particularly to a fluorine-containing
acrylate or alpha-substituted, fluorine-containing acrylate
which has a cyclosiloxane structure and good compatibility
with non-fluorine solvents. Both of the fluorine-containing,
acrylate and the alpha-substituted, fluorine-containing acry-
late are hereinatter collectively referred to as “a fluorine-
containing acrylate”.

BACKGROUND OF THE INVENTION

Conventionally, polymers obtained from polymerizable
monomers which have a perfluoroalkyl group 1n a side chain,
such as fluorine-containing alkyl ester of acrylic acid and a
fluorine-containing alkyl ester of methacrylic acid, are widely
known as a fluorine compound which can be cured by radia-
tion of light, such as ultraviolet ray. As a typical example, an
acrylate which has the following structure has widely been
used 1n order to provide a substrate surface with water- and
oil-repellency, stain resistance, abrasion resistance, and
scratch resistance.

Celi (77— CH,—CH,—0O (i C=CH,

O CHs

However, recently, there 1s an increasing tendency with
environmental concerns to regulate use of compounds which
have a long-chain perfluoroalkyl group having eight or more
carbon atoms. Meanwhile, 1t 1s known that acrylic com-
pounds having a perfluoroalkyl group with less than eight
carbon atoms give worse surface property than ones having a
pertluoroalkyl group with eight or more carbon atoms do (the
following Non-Patent Literature 1).

Meanwhile, photo-curable fluorine compounds are known
which have a perfluoropolyether group composed of an oxy-
gen atom participating in an ether bond and a perfluoroalkyl
group having three or less carbon atoms. For instance, Patent
Literature 1 discloses the following acrylic compound which
1s dertved from a hexafluoropropylene oxide oligomer.

O
|

CHCH,CEy=—0O=—C}F(CF, —O—CFI,CF,CHyCH,OC—CH=CH,

CF;

Patent Literature 2 discloses a urethane acrylate which 1s a
reaction product of a fluorine-containing polyether diol with
2-1socyanatoethyl methacrylate. The urethane acrylate has
bad compatibility with photo polymerization 1nitiators, non-
fluorinated acrylates, and non-tfluorinated organic solvents
due to the water- and oil-repellency of the fluorine-containing
compounds and, therefore, can be blended with restricted
number of components and has restricted usage.
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2
[Non-Patent Literature 1]: Koubunshi Ronbun-Shu Vol.
64, No. 4, pp 181-190 (April, 2007).
[Patent Literature 1]: Japanese Patent Application Laid-
Open No. He1-5-194322

[Patent Literature 2]: Japanese Patent Application Laid-
Open No. Hei-11-349651

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The present inventors made researches for the purpose of
providing a photo curable fluorine compound which has good
compatibility with non-tfluorine organic compounds, main-
taining good properties as a fluorine compound (Japanese
Patent Application Nos. 2008-195417 and 2008-315203).

The present imvention has been made as a part of the
researches and provides a fluorine-contaiming acrylate having
a specific oxyalkylene group which offers a better compat-
ibility with non-fluorine organic compounds.

Means to Solve the Problems

Namely, the present mvention 1s the following fluorine-
containing acrylate or alpha-substituted, fluorine-containing

acrylate represented by the following formula (1),

(1)

Rf
‘ — -
(Z)c ?—Rl—ﬁ—l‘\T—Rz
|
(CHz ), ((lezh O H
Si—O0 ?i—O
CH; CH; ,

wherein a 1s an integer of from 1 to 4 and b 1s an integer of
from 1 to 4, provided that a total of a and b 1s 3, 4, or 3;

R' is a group represented by the following formula (2),
—(C4H0)4(C3HO) (CHAO)ACH0)—(2)

wherein d, e, 1, and g are, independently of each other, an
integer of from 0 to 4, provided that a molecular weight of R
1s 1 a range ol 30 to 300, and these repeating units may be
sequenced at random;

R* is an acryl group- or alpha-substituted acryl group-
containing group, having 4 to 20 carbon atoms and repre-
sented by the following formula (3),

(3)
R3 \
0—C—C=CH,

L

H

R4

wherein R” is, independently of each other, a hydrogen
atom, a fluorine atom, a methyl group, or a trifluoromethyl
group,

R* is a divalent or trivalent linking moiety having 1 to 18
carbon atoms, optionally having an ether and/or ester bond.,
and

nis 1 or2;
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R 1s a perfluoropolyether residue represented by the fol-
lowing formula (4),

X

Ckz /
J

wherein 1, k, 1, and m are, independently of each other, an
integer of from O to 50, provided that a molecular weight of RT
1s 1n a range of 200 to 6000,

X 15 a fluorine atom or a trifluoromethyl group, and
these repeating units may be sequenced at random;
7. 1s a divalent organic group; and

cisOorl.

Eftects of the Invention

The present fluorine-containing acrylate 1s good 1n com-
patibility with non-fluorinated organic compounds and, fur-
ther, can be cured by light to form a cured product which 1s

water- and oil-repellent. Accordingly, the present acrylate 1s
uselul as an additive for a non-fluorine hard coat as well as for

a fluorine one.

BEST MODES TO WORK THE INVENTION

The present fluorine-containing acrylate 1s represented by
the following formula (1).

(1)

- of _
| _ _
(Z)c (‘]—Rl—ﬁ—T—Rz
|
(?Hz)z (TH2)3 O H
Ti—O Ti—(}
CH; CH;
— —a = —' b

In formula (1), a 1s an integer of from 1 to 4, b 1s an integer
of from 1 to 4, provided that a total of a and b 1s 3, 4, or 5.
Preferably, a1s 1 and b 1s 3 or 4. As will be described below,
the alore-mentioned acrylate 1s prepared by reacting a hydro-
gen atom bonded to S1 with an unsaturated group 1n a com-
pound which 1s to form a side chain and, therefore, the con-
stitution of the side chain can be changed by selecting a ratio
of the compounds used. For instance, an acrylate with a=b=2
as well as an acrylate with a=1 and b=3 can be prepared. It 1s
also possible to prepare a mixture of these, for instance, a
mixture which contains 50 mole % of an acrylate with a=b=2
and 50 mole % of an acrylate with a=1 and b ~1, so that
a=b=1.5 as a whole.

R' is a group represented by the following formula (2),

—(C4H50)4(C3H60)(CH40){CH0) — (2)

wherein d, e, 1, and g are, independently of each other, an
integer of from 0 to 4, provided that a molecular weight of R*
1s 1n a range of 30 to 300, preferably 30 to 90. The repeating
units may be sequenced at random.

4
—CF—CO—CFE—CFTO—CFE—CFZ—CFZ) {O—CFz—CFz)—(O—CFz)—F
k ! i
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4

As a particularly preferred example of the structures, men-
tion may be made of the following threes,

)

—(C,H,0)—
—(C5Hs0)—
—(C,H0)—

wherein d, e and feach are 1 or 2 and a propylene group and
a butylene group may be branched.

R~ is an organic group having 1 to 20 carbon atoms which
has at least one acryl group or alpha-substituted acryl group
and 1s represented by the following general formula (3),

(3)

wherein R” is, independently of each other, a hydrogen
atom, a fluorine atom, a methyl group, or a trifluoromethyl
group, prelerably a hydrogen atom or a methyl group;

R* is a divalent or trivalent linking moiety having 1 to 18
carbon atoms, optionally comprising an oxygen atom which
forms an ether bond, an ester structure, and an acryl or meth-
acryl structure, preferably a group included in the following
formulas for R?, particularly an ethylene group.

As the particularly preferred examples of R?, the following
can be mentioned.

—CH,—CH,—0—C

O

CH=CH,

CHa

—CH,—CH,—0—C—C=—CH,

O
I
—CH,—CH,—O0—CH,—CH,—0 ﬁ C=—CH,
O

CH,—O—C—CH=CH,
H3C\C/ |
yd \ O

CH,—O—C—CH=—=CH,

O

Ri 1s a perfluoropolyether residue represented by the fol-
lowing general formula (4),



US 7,781,604 B2

Crs /
J

X

wherein 1, k, 1, and m are, independently of each other, an
integer of from O to 50, preferably 2 to 15, provided that a
molecular weight of Rf 1s 1n a range of 200 to 6000, preferably
400 to 2000. These repeating units may be sequenced at
random. X 1s a fluorine atom or a trifluoromethyl group. As
the particularly preferred Rf, the following groups can be
mentioned.

—(‘3F o—CFz—(‘jF F
CF; CF;
P

—— CF,—¢ 0—CF,—CF,5—¢0

Chyo—F

wherein p, t, and u each are an mteger of from 1 to 30,
preferably 2 to 15, particularly 3 to 10. Moaieties,

—OCF,CF,— and —OCF,CF,—, can be sequenced at ran-
dom.

In formula (1), Z 1s a divalent organic group. The structure
of Z 1s not particularly limited as far as Z can link Rf to an
cthylene group and does not inhibit the polymerization of the
acryl group. For instance, mention may be made of the fol-
lowing groups.

X

CH2=CH—Z—CF~(0—CF2—CF

—CH,—CH,— —ﬁ—O—CHz—
O
—CH,—0—CH,— —CHg—T‘\T—ﬁ—
H O
—CHE—I*‘J—ﬁ— —CHE—N—ﬁ—
CH; O )\O
\/:
N—¢C
|
S o
P
——CH,—CH, Ti O r‘q ﬁ
CH3 \/ CH:;O

Among these, the following groups are particularly pre-
ferred.
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(
—)—(o—CFz—CFz—CFz)k—(o—CFz—CFz)I—(O—CFz)—F
i

Ck3 /

(4)

_CF—CO—CFz—CF—)—fO—CF2—CFE—CFZ-);{—(-O—CFE—CFE-)I (O—CF,3—F
i

—CH,—N—(C——

H O

—CH,—0—CH,—

The present fluorine-containing acrylate can be prepared 1n
the following process.

First, cyclic hydrogensiloxane (5) as represented by the
tollowing formula:

()

wherein s 1s 3, 4, or 5;

the following fluorine-containing olefin (6):

6)

wherein X, 7, k, 1 and m are as defined above; and alkyl
alcohol having an allyl group at one end (7),

CH,—CH—CH,—O
(CH,0),—H

(C4Hg0)4(C3H0) (CoH,0),
(7)

wherein d, e, 1, g and h are as defined above, are subjected
to addition reaction in the presence of a known catalyst com-
prising a metal of the platinum group to obtain a compound
represented by the following formula (8).

(8)

Rf | (C4H50)4 (C3He0)o(CaH40),(CH0), —H
(‘Z)c (!)
(éHz)z ((Lth
éi O éi O
| L |

An OH group 1n the afore-mentioned (8) 1s reacted with the
following compound (9):
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(®)

to obtain the compound having the structure of the afore-
mentioned formula (1).

In the addition reaction of compounds (5), (6), and (7), the
order of the reaction 1s not limited to any particular one.
Preferably, (5) and (6) are addition reacted and, then, an
excess amount of (7) relative to unreacted S1i—H group 1s
reacted, 1 order to avoid condensation between the hydroxyl
group 1n (/) and the Si—H group 1n (3). Alternatively, (6) 1s
first addition reacted with a largely excess amount of com-
pound (5); unreacted (5) 1s removed for purification or an
addition ratio of (6) to (5) 1s adjusted as desired by a separa-
tion means such as column chromatography; and, then, the
addition reaction of (7) 1s carried out, so that the average
addition ratio of each component can be controlled stricter.

The reaction between compounds (8) and (9) may proceed
by blending the both compounds under mild conditions
between 0 and 70 degrees C. The reaction rate may be accel-
erated by adding 0.001 to 2% by weight, preferably 0.001 to
0.5% by weight, of a suitable catalyst system, relative to the
total reactants weight. Examples of the suitable catalyst sys-
tem include tin dervatives such as tin acetate, dibutyltin
dilaurate, dibutyltin dioctate, dibutyltin diacetate, dioctyltin
dilaurate, dioctyltin dioctate, dioctyltin diacetate, and stan-
nous dioctanoate; 1ron derivatives such as 1ron acetylaceto-
nate; titamium alcolates such as titanium tetraisopropylate;
and tertiary amines such as triethylamine and N-methylmor-
pholine. If desired, the reaction may be carried out under
dilution with various kinds of solvents.

A preferable hard coat composition comprises a urethane
acrylate as a major component. Examples of the urethane
acrylates include a reaction product of a polyisocyanate with
a (meth)acrylate having a hydroxyl group; a reaction product
ol a polyisocyanate, a polyester having terminal diols, and a
(meth)acrylate having a hydroxyl group; and a reaction prod-
uct of a polyol, an excess amount of diisocyanate, and a
(meth)acrylate having a hydroxyl group. Inter alia, the
present compound 1s preferably blended in a composition
comprising a urethane acrylate which is a reaction product of
a (meth)acrylate having a hydroxyl group selected from 2-hy-
droxyethyl(meth)acrylate, 2-hydroxy-3-acryloyloxypropyl-
methacrylate, and pentaerythritol triacrylate with a polyiso-
cyanate selected {from hexamethylene diisocyanate,
1sophorone diisocyanate, trilene diisocyanate, and diphenyl-
methane diisocyanate.

Examples of the other hard coat compositions which are
suitable for the present compounds to be mixed 1n include one
whose major component comprises from di- to hexa-func-
tional (meth)acrylic compounds such as 1,6-hexanediol
di(meth)acrylate, neopentyl glycol di(meth)acrylate, ethyl-
ene glycol di(meth)acrylate, ethylene oxide 1socyanurate-
modified di(meth)acrylate, EO-1socyanurate modified tr1
(meth)acrylate,  trimethylolpropane  tri{lmeth)acrylate,
pentaerythritol trilmeth)acrylate, glycerol triimeth)acrylate,
tris(meth)acryloyloxyethyl phosphate, (2,2,2-tri-(meth)acry-
loyloxymethyl)ethyl hydrogen phthalate, glycerol tri(meth)
acrylate, pentaerythritol tetra(meth)acrylate, ditrimethylol-
propane tetra(meth)acrylate, dipentaerythritol penta(meth)
acrylate, dipentaerythritol hexa(meth)acrylate, and sorbitol
hexa(meth)acrylate; epoxyacrylates obtained by addition
reaction of the afore-mentioned (meth)acrylic compounds
with ethylene oxide, propylene oxide, epichlorohydrin, or an
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8

aliphatic acid-, alkyl-, or urethane-modified epoxy resin; and
acrylate ester copolymers which have a (meth)acryloyl group
in their side chain.

Various hard coat materials which can be cured with active
energy ray, such as ultraviolet ray or electron beam, are com-
mercially available from various compames. For instance,
mention may be made of various trade names, such as “Beam
Set” ex Arakawa Chemical Industries Ltd.; “Ubiq” ex
Oohashi Chemical Industries Ltd.; “UV coat” ex Origin Elec-
tric Co., Ltd.; “Cashew UV” ex Cashew Co., Ltd.; “DeSolite”
ex JSR Corporation; “Seika Beam” ex Dainichiseika Chemi-
cal Industries Co., Ltd.; “Shikoh™ ex The Nippon Synthetic

Chemical Industry Co., Ltd.; “Fujthard” ex Fujikura Kasei

Co., Ltd.; “Diabeam” ex Mitsubis1 Rayon Co., Ltd.; and
“Ultra Vin” ex Musashi Paint Co., Ltd. The present compound

can also be blended in a fluornated type of a hard coat
composition to increase, for instance, water repellency and o1l
repellency.

The present compound 1s blended 1n a hard coat composi-
tion and hardened to provide the coating with stain resistance,
water repellency, o1l repellency, and fingerprint proof prop-
erty or to enhance such properties. The coating 1s resistant
against fat of human being such as fingerprint, sebum and
sweat, and cosmetics. Even when stain attaches to the coat-
ing, the stain 1s easily wiped off. Accordingly, the present
compound can be used as an additive for curable composi-
tions which are to be coated on a surface of articles, which
surface may be touched by a human body and stained with
human fat or cosmetics, to form a coating {ilm or protective
f1lm thereon. Examples of the articles include optical record-
ing media such as optical discs and hologram records, for
instance, optical magnetic discs, CD’s, LD’s, DVD’s, and
blue ray discs; optical parts and optical devices such as lenses
of glasses, prisms, lens sheet, pellicle films, polarizing plates,
optical filters, lenticular lenses, Fresnel lenses, antireflection
f1lms, optical fibers, and optical couplers; screens or display-
ing devices such as CRT’s, liquid crystal displays, plasma
displays, electroluminescence displays, rear projection dis-
plays, fluorescent display tubes (VFD’s), field emission pro-
jection displays and toner displays, particularly, image-dis-
playing devices such as personal computers, mobile phones,
personal digital assistants, game machines, digital cameras,
digital camcorders, automated teller machines, cash dispens-
ers, automatic vending machines, navigation devices of, for
instance, automobiles, and security system terminals, and
devices for displaying and mputting an 1image of touchpanel
type with which the operation thereof 1s also carried out, such
as touch sensors and touchscreens; mnputting devices such as
mobile phones, personal digital assistants, mobile music
players, and handheld game machines, remote controllers,
controllers, key boards and panel switches for in-car-devices;
surfaces of housing of mobile phones, personal digital assis-
tants, cameras, mobile music players, and handheld game
machines; coatings and surfaces of exteriors of automobiles,
pianos, classy furniture, and marble stones; parts made of
transparent glass or plastic (acryls or polycarbonates) and
various mirror members such as protective glass for exhibit-
ing works of art, show windows, show cases, covers for
advertisement, covers for photo stands, wrist watches, wind-
shields for automobiles, window glass for trains and air
planes, headlights and tail lamps of automobiles. The amount
to be added 1s properly adjusted in a range of from 0.1 part by
weilght to 10 parts by weight relative to 100 parts by weight of
a solid content of a hard coat composition, depending on
desired o1l repellency, solubility of the composition and cur-
ing conditions.
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EXAMPLES

The present invention will be specifically explained by the
following Examples but shall not be limited thereto.

Example

In a 100 ml three-necked flask equipped with a reflux
device and a stirrer were placed 30.0 g of the fluorine-con-
taining cyclosiloxane represented by the following formula

(10),

10

(10)

NH—C—Rf
| | _ i 15
(CHy)3 O P‘I

|

Ti—O Ti 0

CH; CH; |

20

10

wherein Ri 1s the following group,

—(‘EF O—CFz—(IjF F
CF; CF3 )

wherein the number of the repeating units has distribution
with an average of 5.2, and 20.0 g of toluene under a dry
nitrogen atmosphere and heated with stirring up to 90 degrees
C. Then, a mixture solution of 10.3 g of ethylene glycol
monoallyl ether with 0.010 g of a solution of vinylsiloxane-
modified chloroplatinic acid 1n toluene (platinum content:
2.49x107° mole) was added dropwise over 30 minutes and
stirred at 90 degrees C. for 12 hours. The progress of the
reaction was confirmed by the decrease 1n the peak height of
S1—H group of compound (10) appearing at 4.8 ppm 1n
"H-NMR. The reaction solution was treated at 100 degrees C.
and 1 Torr for 2 hours to remove unreacted ethylene glycol
monoallyl ether.

To 32 g of the compound obtained, 8.20 g of 2-1socyana-
toethyl acrylate and 0.01 g of dioctyltin laurate were added
under a dry air atmosphere and stirred at 25 degrees C. for 12
hours to obtain the compound having the following average
composition. The chemical shifts in the 'H-NMR and '°F-

NMR spectra of the compound are as shown below.

T‘JH ﬁ RT (‘]—CHgCHz—O ﬁ T"-I CH,CH,—O ﬁ CH=CH2_
(CHy); O (CH»)3 O H O
|
S1—O Ti—O
CHa | CH; 1.
wherein R{ 1s as defined above.
35 Chemical shifts in "H-NMR spectrum
(Measuring device: JMN-LA300W ex JEOL, solvent:
CDCl;)
Shift (TMS Reference)
0~0.3 ppm Si—CH, 12H
0.4~0.6 ppm Si— CH,—CH,— 8H
1.5~1.7 ppm Si— CH,—CH,— CH,—O— 6H
Si— CH,— CH,— CH,— NH— 20
3.3~3.7 ppm Si— CH,— CH,CH,— NH— 2H
Si—CH,—CH,— CH,—O—CH,— CH,—O— 6H
~ NH-CH,—CH, O 6H
Si—CH,—CH,— CH,—O—CH, CH,—O— 6H
4.0~4.5 ppm Si—CH,—CH,—CH,—0O—CH,—CH,—O—CONH—CH,—CH,—0—CO— 12H
4.7~5.5 ppm Si—CH,—CH,—CH,—O—CONH_— 3H
5.8~0.5 ppm —CH—CH, GH
6.8~7.4 ppm Si—CH,—CH,—CH,— NH— 1H

Chemical shifts in *"F-NMR

Shift (F-11 Reference)

—145.6 ppm
—132.7 ppm

—130 ppm
—86~="79 ppm

CF,CF,CF,—O—CF(CF;)CF,—O—CF(CF;)—CO—NH— 1F
— CF(CF,)—CO—NH— 1F

CF,CF,CF,—O— 2F
CF,CF,CF,—O—CF(CF,)CF,—O—CF(CF,}—CO—NH— 13F
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Comparative Example

In a 200 ml three-necked flask equipped with a reflux
device and a mechanical stirrer were placed 15.5 g of 2-1s0-
cyanatoethyl methacrylate and 0.005 g of dioctyltin laurate
under a dry air atmosphere. Then, 100 g of perfluoropolyether
diol (ex Solvay Solexis, trade name: FOMBLIN D 2000,
average molecular weight: 2000) was added dropwise at 50
degrees C. over 1 hour. After the completion of the addition,
the reaction mixture was stirred at 50 degrees C. for 5 hours.
In the IR spectra of the reaction product, the peak at 2300
cm™* which is attributed to —N=—=C=—0 group disappeared.
The perfluoropolyether diol which has methacryl groups at
both ends was obtained.

Each 0.5 g of the compounds of the Example and the
Comparative Example was blended with 10 g of one of the
different solvents described below to visually observe the
solubility of each compound. The results are shown 1n Table
1, where + means that a transparent solution was obtained
and — means that a transparent solution was not obtained.

TABL.

1

(L]

Solvent Example Comparative Example

Methanol
Ethanol

THF

Ethyl acetate
Acetone
PGMEA
DMSO
HECF-225%

+ + + 4+ + + + +
|

*Asahiklin AK-225, ex Asahi1 Glass Co., Ltd.

Asseenin Table 1, the compounds of the Example dissolve
in more kinds of non-tfluorinated solvents than conventional
fluorine-containing acrylates do.

Evaluation on the Hard Coat Compositions 1

The compound prepared 1n the Example was blended in the
following composition to prepare a solution. As a blank, a
solution which did not contain any additive was also pre-
pared.

Ultra Vin Clear UV720KF ex Musashi
Paint Co., Ltd.

Ultra Vin Thinner Z 27095 ex Musashi
Paint Co., Ltd.

Additive (Compound of the Example)

100 parts by mass
100 parts by mass

3 parts by mass

Each solution was spin coated on a glass plate. It was
irradiated with ultraviolet ray of 1.6 J/cm” in an ultraviolet
irradiation device of a conveyer type to form a cured film.
Each film was visually observed to evaluate 1ts appearance.
Water contact angles and oleic acid contact angles were mea-
sured on a contact angle meter ex Kyowa Interface Science
Co., Ltd. The compound of the Comparative Example was too
much less soluble to form a solution, so that 1t was impossible
to prepare a hard coat.

Table 2 shows the properties of the surfaces which were
treated with each hard coat. Felt pen repellency was evaluated
by drawing a line on the surface with an oil-based marking
pen ex Zebra Co., Ltd., High Macky, and visually observing
how much 1ts ink was repelled. A fingerprint wiping-oil prop-
erty was evaluated by pressing a forefinger on the surface to
leave behind a fingerprint thereon, wiping the surface with
tissue paper, and visually observing the wiping-oif property.
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TABLE 2
Additive
Compound of the
None Example
Appearance Transparent and Transparent and
colorless colorless
Water contact 91 106
angle 1n degrees
Oleic acid 44 75
contact angle in
degrees
Felt pen Not repelled Repelled
repellency
Fingerprint Difficult to wipe Easy to wipe off
wiping-off off
property

Evaluation on the Hard Coat Compositions 2

The compound prepared 1n the Example was mixed 1n the
following composition to prepare a solution. As a blank, a
solution which did not contain any additive was also pre-
pared.

Tetra-functional acrylate (EBECRY 40,
ex Daicel Cytec Co., Ltd.)
1-Hydroxycyclohexyl phenyl ketone
(Irgacure 184, ex Ciba in Japan)
Additive (compound of the Example)

100 Parts by mass
3 Parts by mass

3 Parts by mass

Each solution was spin coated on a glass plate. It was
irradiated under a nitrogen atmosphere with ultraviolet ray of
1.6 J/cm? in an ultraviolet irradiation device of a conveyer
type to form a cured film. Each film was visually observed to
evaluate 1ts appearance. Water contact angles and oleic acid
contact angles were measured on a contact angle meter ex
Kyowa Interface Science Co., Ltd. The compound of the
Comparative Example was too much less soluble to form a
solution.

Table 3 shows the results of the evaluation of the surfaces

which were treated with each hard coat, made in the same way
as 1n Evaluation 1.

TABLE 3
Additive
Compound of the
None Example
Appearance Transparent and Transparent and
colorless colorless
Water contact 63 107
angle 1n degrees
Oleic acid 24 75
contact angle in
degrees
Felt pen Not repelled Repelled
repellency
Fingerprint Ditficult to wipe Easy to wipe off
wiping-off off
property

As shown above, the present compound has good compat-
ibility with non-tfluorinated organic compounds and, there-
fore, can be used as an additive in compositions for surface
hard coats of, for instance, glass, resins, films, paper, metals,
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ceramics, and wood; 1n compositions for surface protecting
films of printed materials; and 1n painting composition.

The mvention claimed 1s:

1. A fluorine-containing acrylate or alpha-substituted,
fluorine-containing acrylate, represented by the following
formula (1):

(1)

Rf
|
(Z)c (‘]—Rl ‘c‘: I‘ﬁ R?
|
(THz)z ((|3H2)3 O H
Ti—O Ti—o
CH; CH;

— —a b —b

wherein a 1s an integer of from 1 to 4 and b 1s an integer of
from 1 to 4, provided that a total of a and b 1s 3, 4, or 3;
R' is a group represented by the following formula (2):

—(C4H50)4(C3H60)(CH40){CH0) — (2)

wherein d, e, 1, and g are, independently of each other, an
integer of from O to 4, provided that a molecular weight
of R' is in a range of 30 to 300, and

these repeating units may be sequenced at random:;

R is an acryl group- or alpha-substituted acryl group-
containing group having 4 to 20 carbon atoms and rep-
resented by the following formula (3):

3 (3)
N
R ——0—C—C=—=CH,

\ s

I

wherein R” is, independently of each other, a hydrogen
atom, a fluorine atom, a methyl group, or a trifluorom-
cthyl group,

R* is a divalent or trivalent linking moiety having 1 to 18
carbon atoms, optionally having an ether bond and/or an
ester bond, and

nis 1 or?2;

R{ 1s a perfluoropolyether residue represented by the fol-
lowing formula (4):

(4)

—(‘31: O—CFz—(liF {O—CFE—CFz—CFz)k—
X CF; /

J
A(O—CFz—CFZ)I (O CFz)m—F

wherein 1, k, 1, and m are, independently of each other, an
integer of from O to 50, provided that a molecular weight
of Rf 1s 1 a range of 200 to 6000,

X 15 a fluorine atom or a trifluoromethyl group, and

these repeating units may be sequenced at random:;

7. 1s a divalent organic group; and

cisOorl.

5

10

15

20

25

30

35

40

45

50

55

60

14

2. The fluorine-containing acrylate or alpha-substituted,
fluorine-containing acrylate according to claim 1, wherein R*
in formula (1) 1s a group represented by any of the following
formulas:

—(GH,0)—
—(C3HeO) —

—(C4HgO)—

wherein d, e, and f each are 1 or 2.

3. The fluorine-containing acrylate or alpha-substituted,
fluorine-containing acrylate according to claim 1 or 2,

wherein R” in formula (1) is represented by any of the fol-

lowing formulas:

—CH,—CH,—O ﬁ CH=—=CH,
O
T
—CH,—CH,—O c‘: C=—CH,
O
T
—CH,—CH,—O0—CH,—CH,—0—C—C=—=CH,
|
O
CH,—O—C—CH=CH,
H:C U/ |
C O
e \
CH,—O—C—CH=—CH.,.

O

4. The fluorine-containing acrylate or alpha-substituted,
fluorine-containing acrylate according to claim 1, wherein Rf

in formula (1) 1s a group represented by the following for-
mula,

—(‘EF O—CFZ—(‘?F F
CF; CF;
P

wherein p 1s an integer of from 1 to 30.

5. The fluorine-containing acrylate or alpha-substituted,
fluorine-containing acrylate according to claim 1, wherein ¢
in formula (1) 1s 1 and Z 1s a group represented by the fol-
lowing formula:

—CH,—N—C— -

H O

6. A hard coat composition comprising the fluorine-con-
taining acrylate or alpha-substituted, fluorine-containing
acrylate according to claim 1.

7. The hard coat composition according to claim 6, com-
prising a urcthane acrylate as a major agent.
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